mESC-based in vitro differentiation models to study vascular response and functionality following genotoxic insults.
Because of high exposure to systemic noxae, vascular endothelial cells (EC) have to ensure distinct damage defense and regenerative mechanisms to guarantee vascular health. For meaningful toxicological drug assessments employing embryonic stem cell (ESC)-based in vitro models, functional competence of differentiated progeny and detailed knowledge regarding damage defense mechanisms are essential. Here, mouse ESCs (mESC) were differentiated into functionally competent vascular cells (EC and smooth muscle cells [SMC]). mESC, EC, and SMC were comparatively analyzed regarding DNA repair and DNA damage response (DDR). Differentiation was accompanied by both congruent and unique alterations in repair and DDR characteristics. EC and SMC shared the downregulation of genes involved cell cycle regulation and repair of DNA double-strand breaks (DSBs) and mismatches, whereas genes associated with nucleotide excision repair (NER), apoptosis, and autophagy were upregulated when compared with mESC. Expression of genes involved in base excision repair (BER) was particularly low in SMC. IR-induced formation of DSBs, as detected by nuclear γH2AX foci formation, was most efficient in SMC, the repair of DSBs was fastest in EC. Together with substantial differences in IR-induced phosphorylation of p53, Chk1, and Kap1, the data demonstrate complex alterations in DDR capacity going along with the loss of pluripotency and gain of EC- and SMC-specific functions. Notably, IR exposure of early vascular progenitors did not impair differentiation into functionally competent EC and SMC. Summarizing, mESC-based vascular differentiation models are informative to study the impact of environmental stressors on differentiation and function of vascular cells.